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ABSTACT
A growth and nutnent dtgesttbility study was executed for jelawat fry in the laboratory. The fry(40 day-old) were reared in 9 aquariums of 37.5L water volume at 30 per tank and fed an isoca-
loricdiet(42kcal) contatning3dietaryproteinlevels(33,40,47%\at10o/oof bodyweightadayfor
49 days. Biomass was weighed fortnightly Chromic oxide (1%) was added to each experimental
diet for the digestibility study, which was conducted in 3 conical tanks of 100L water volume eacn.
The results indicated that the effects of dietary protein levels on fish growth and feed conversion
efficiency were significantly different. A positive quadratic equation was found for the response of
fish growth as well as feed conversion efficiency to various dietary protein levels Maximum growth
and high feed conversion efficiency were observed at about 40% protein level This feed was well
digested by the fry with rates of 766, 98.3, 97.7,540, and 98.2% for dry matter, protein, fat,
carbohydrate and energy, respectively.
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INTRODUCTION
The wild-riverine species, jelawat, maroon shark
(Leptobarbus hoeveni) is a popular table fish and an
ornamental fish in Indonesia, especially Sumatra and
Kalimantan and in other countries such as Malaysia
and Thailand. lts culture has been practised in Indo-
nesia since 1940 and tended to develop rapidly. This
species has successfully spawned in a hatchery
since 1980 (Ondara and Sunarno, 1987). ltwas ob-
served that one pair of brooders could yield 15,000
fingerlings, however, this was still lower than its fe-
cundity of 73,000 eggs/kg fish. Low seed production
is mainly caused by lack of availability of natural food
in the hatchery. Cho et al. (1985) suggested rearing
fish in a tank with artificial feed containing a balance
of nutrients and energy.
Protein is the main factor of a feed formulation to
achieve high growth and feed efficiency of fish. Pro-
tein is required to build body-protein and as an en-
ergy source. Low protein input causes slow growth.
However, excess protein input results in inefficiency
and indirectly increases ammonia-N in waterthat at
certain level could affect negatively on fish growth
(NRC, 1983). Therefore, an optimum levelof dietary
protein should be determined to enhance maximum
potential growth rate of fish in a control tank. lt was
identified that dietary protein level for maximum growth
rate of fish varies, depending on species, size. cul-
ture condition, physiological condition, feed formula-
tion, and dietary energy level. In general, Lovell in
Yamada (1983) stated that omnivorous species re-
quired a dietary protein range of about 30-36%.
Pathmasothy and Omar (1981a) found dietary protein
level for enhancing maximum groMh of jelawat finger-
lings at 38% in conditions of dietary energy ot 2.5
cal/kg feed and using practicalfeed ingredients. Lower
dietary protein (30%--34Yo) was observed forjelawat
of the same size if the experimental diet was semi-
purified with dietary energy level of 3.6 cal (Pathma-
sothy and Omar, 1981b). However, information on pro-
tei n requirement for jelawat fry was not available. There-
fore, this experiment was conducted to evaluate di-
etary protein for maximum growth of 40 day-old jelawat
fry. In addition, the digestibility of this feed was also
evaluated.
MATERIALAND METHODS
Conducted in the laboratory, this study was di-
vided into two parts: evaluating the growth response
to dietary protein levels of jelawat fry and the appar-
ent digestibility of different dietary protein levels. A
Completely Randomized Design was used.
Three isocaloric feeds were used in this study.
Dietary energy was adjusted to an equal level for all
experimentalfeeds al4.O7 Mcal/kg feed. Dietary pro-
tein varied, namely 33, 40, 47o/o (Table 1).
Casein was used as the main source of protein
and its content varied in the feed composition. Soy-
bean meal, coconut cake meal, corn meal, rice bran
meal, tapioca, vitamin premix, and mineral premix
were added in the same percentage forall experimen-
tal feeds. Both vitamin and mineral premixes were
made based on recommendations of NRC (1977) for
common carp fry. In addition, fish oil and com oilwere
added in feed formulations at different levels lo reach
equivalent energy content of feed, but its ratio was
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Table'1. Feed formulation (%) forjelawal(L. hoevent) fry used
in the exPeriment
Dietary protein (%)
Ingredient 474033
Casein
Soybean meal
Coconut cake
Corn meal
Rice bran
Tapioca
Fish oil
Corn oil
Vitamin premix*
Mineral premix"
Avicell
Total 100 100 100
Energy and chemical composition of feed (% in dry basis)
Moisture 8'60 8.80 8'20
Crude protein 32.91 40.60 47 '82
Crude fat 19.16 13.97 9.11
Ash 6.14 6.86 5.08
Crude fibre 7.60 6'36 5.33
NFE 34.19 32.21 32.66
Gross energy 4.05 4.12 4.10
Note: *: formulated following NRC (1977)
21.05
27.00
7.00
3.00
1.00
2.00
8.35
8.35
0.60
3.65
18.00
29.76
27.00
7.00
3.00
1.00
2.00
6.11
6.11
0.60
3.65
13.77
38.46
27.00
7.00
3.00
1.00
2.00
3.86
3.86
0.60
3.65
9.57
fixed at 1:1. Avicell (non-nutrrtive feed ingredient) (NRC,
1977) was added to all experimentalfeeds in different
levels to get 100% feed composition.
Proximate analysis for all feed ingredients as well
as pelletised feed was done in the chemical labora-
tory of the Research lnstitute for Freshwater Fisher-
ies (RIFF). To each experimental feed, 1o/o CrrO. was
added forevaluation of feed digestibility (Jobling, 1983;
Cho etal., 1985).
Jelawat fry used in this study were obtained from
one pair of brooders spawned using hormone treat-
ment in the Jambi Research Laboratory of RIFF Sta-
tion Palembang. Boiled chicken yolk egg was given
to the two-day old fry for a week, thereafter, natural
food collected from a lake by plankton net was given
to the fry for the next 2 weeks. About 10,000 fry were
transferred to the tanks and acclimatized to experi-
mental conditions and fed on the test diet for'15 days.
Acclimatized fish fry of about 0.0659 were ran-
domly distributed to 9 prepared aquariums at a rate of
30 fry per aquarium of 50x30x30 cm. Each container
was filled with 37.5L ground water. Aerators were used
in the aquariums to maintain high dissolved oxygen
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concentration. In addition, siphoning faeces as well
as excess feed if available was conducted daily. Ev-
ery two days and week, water in each aquarium was
changed at 75 and 100% of total water volume, re-
spectively.
The fry were fed on the experimentalfeed at 10%
of body weight per day, divided into 5 seeding times
from early morning to afternoon, namely at 06.00,
09.00, 12.00, 15.00, and 18.00. Rations were adjusted
every week after fish weighing. Fish carcasses were
collected at the start and end of the experiment as
subject of proximate analYsis.
The digestibility study was done in three conical
tanks filled with 100 L water. Two sizes of fry were
tested for their feed digestion, namely 0.080 g and
0.350 g, according to fish weight gained in the dietary
protein study. About 20 g fish weight was stocked in
each conical tank and then fasted for 24 hours to al-
low gastointestine tract emptying. Test diets contain-
ing different dietary protein levels were given to the
fish ad libitum three times per day, namely at 06.00,
12.00, and 18.00. Thirty to sixty minutes after feed-
ing, excess feed in each tank was pumped out with
flowing water from the bottom part of the tank. Faeces
trapped in a bottle prepared in the bottom part of the
conical tank were collected every two hours. The
faeces were separated from the water by pipette, dried
in an oven for 24 hours and then stored in dried state.
This was done after the amount of faeces was enough
for proximate and CrrO. analysis. The procedure of
Cr"O. analysis followed recommendations of Djobo
(1 e83).
Data were analyzed forgroMh rate (Ricker, 1979);
feed efficiency (NRC, 1977); protein retention, fat re-
tention and energy retention (Viola and Rappaport,
1979); and nutrient and energy digestibility (NRC,
1983). Response to treatment of tested parameters
was assessed with the F test (Snedecor and Cochran,
1980). Maximum value was determined by calculat-
ing first derivation of a quadratic equation (Dabrowski,
1977).
Relative groMh rate was calculated as follows:
W,= Wogo
where. W, is fish weight at time t (g), W" is initial fish
weight (g), k is relative groMh rate, t is time (day),
and e is a constant equalto 2.7183
Feed efficiency (E) was calculated as follows:
E (%) = {(W, + D) - Wo} x 100/(F)
Where: W. is fish weight at time t (g), W" is initial fish
weight (g), D is dead fish weight during experiment
(g), and F is amount of feed given to the fish (g)
Retention of protein, fat and energy were calcu-
lated as follows:
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Protein/fat retention (%) =
{(Weight of protein or fat in fish body, g) x
1O0)/(Weight of protein or fat in feed con-
sumed, g)
Energy retention (%) =
{(Energy content in fish body, kcal) x 100f
(Energy in feed consumed, g)
Digestible nutrient/energy was calculated as fol-
lows:
Digestibilityof nutrient/energy =
100 
- 
100 x {(%CrrO. in feed x % nutrient or
energy in faeces)/(o/o Cr._O, in faeces x %
nutrient or energy in feed))
RESULTS
GroMh and Feed Efficiency
Mean weight of fry recorded weekly during the
experimental period is presented in Fig. 1. Allfry re-
sponse to dietary protein follows an exponential curve
pattem, although they differfrom one another. Fry fed
on low dietary protein grew less. Increase in dietary
protein up to about 40% tended to increase fish weight.
However, increasing the dietary protein level up to 47%
did not increase fish weight.
Effects of dietary protein levels on relative groMh
rate, feed efficiency, nutrient, and energy retention for
jelawat fry are presented in Table 2. Different dietary
protein levels had significant effects on relative growth
rate of jelawat fry. Low dietary protein intake resulted
in slow growth. The groMh improved when fry were
fed on higher protein levels. However, dietary protein
s.
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Fig. 1. Mean weight of jelawat (L. hoevenl fry fed different dietary protein levels
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Table 2 Relative grofih rate, feed efficiency (aftertransformating to arcsine {%),
protein/energy retention of jelawat (L. hoeveni) fry fed on different dietary
protein levels (value tSD)
lndices Protein 33% Protein 40% Protein 47oh
Relative groMh rate. k
Feed eftciency (%)
Protein retention (%)
Fat retention (%)
Energy retention (%)
0.029 t 0.001
33.3 t2.72
13.87 ! 1.09
11.25 ! 0.74
10.88 t 0.83
0.036 t .001
41.37 ! 1.28
15.43 t 0.36
15.72 t 0.53
12.66 t 1.38
0.032 r .001
39.16 t 4.32
11.32 ! 1.24
23.35 !2.43
12.44 ! 1.34
above 40% could not enhance fry growth. Responses
of relative groMh rate (Y") of fry to dietary protein lev-
els (X) can be expressed in positive quadratic equa-
tion as follows:
Yo = _ 0.1 55 + 0.00936 X+ 0.0001 14 X,
From this equation, the maximum dietary protein
level forjelawat fry could be determined. Calculations
showed that dietary protern at about 40% resulted in
maximum potential growth rate of jelawat fry.
Evaluation of feed efficiency of dietary protein lev-
els also supported the phenomena in fish growth. The
effect of different dietary protein levels on feed effi-
ciency of jelawat fry was significantly different. Re-
sponse of feed efficiency (Y,) to dietary protein can
be expressed in an equation as follows:
Y,= - 69.5908 + 5.2316X +0.0623 X'?, (after
transformating to arcsine {%)
The highest feed efficiency of jelawat fry was at
about 40% dietary protein.
Retention of Protein, Fat, and Energy
Data on body protein and fat of jelawat fry before
and after feeding on the experimental diet are pre-
sented in Table 3. Before and afterfeeding on the ex-
perimental diet, body protein was comparable, how-
ever. body fat tends to increase.
Results of calculation of retention of protein, fat,
and energy are presented in Table 2. Anova analysis
showed that retention of protein and fat was signifi-
cantly affected by dietary protein. Retention of en-
ergy did not differ between treatments.
Retention of protein (Yr) increased from dietary
protein 33% to 40% and there afterdecreased at47o/o,
following the equation:
Yz= - 48.0589 + 3.7170X +0.0484 X'?
The maximum point of retention of protein was at
about 40olo dietary protein.
Retention of fat (Y) linearly increased with increas-
ing dietary protein, following the equation:
Y.= -2.5798 + 0.6629 X
Digestibility of Nutrients and Energy
Results of feed digestion by jelawat fry are given
in Table 4. Anova showed that effect of dietary protein
on feed digestibility of fish was significantly different.
Protein and energy digestion were not affected by di-
etary protein levels.
Response of digestibility of fry to different dietary
levels followed positive quadratic equation for dry
matter (YJ, fat ff), anO carbohydrate (Yu), respec-
tively. The equations are as follows:
Table 3. Composition of protein and fat in body of jelawat (L. hoeveni)fry
before and afterfeeding on experimentaldiet
Dietary protein (%) Body protein (%) Body fat (%)
Before feeding
After feeding
63.85
63.34
64.67
64.52
19.06
27.64
22.34
24.30
33
40
47
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Table 4. Digestibility of nutrients and dry matter of jelawat (L.
hoevenr) fry fed on different dietary protein levels
Indices Dietary protein (%)
474033
Dry matter digestion (%)
Protein digestion (%)
Fat digestion (%)
Carbohydrate digestion (%)
Energy digestion (%)
Yo= - 115.057 + 8.545 X 
- 
0lA2X2
Y,= - 129.634 + 10.859 X 
- 
0.140 X2
Yu= - 162.632 + 10.1 93 X 
- 
0.124 X2
The equations show that jelawat fry could digest
dry matter, fat and carbohydrate at rates as high as
75.17 ,97.51 , and 53.12%, respectivety.
Parameters of Water Quality in the
Aquarium
Table 5 shows that the measurement of some pa-
rameters of waterquality in each tank receiving differ-
ent dietary protein levels. Water quality is normal for
supporting growth of jelawat fry.
DISCUSSION
Low mortality during the experimental period
showed that water environment in each aquarium was
good forthe fry of jelawat. Exponential fish growth
indicated that the experimental fish were in the fast
groMh phase. Slow initial groMh occurred because
of the short acclimation period.
Figure 1 shows that dietary protein of about 40olo
is suitable for supporting maximum potential growth
of jelawat fry. This is also supported by data of rela-
tive groMh rate, feed efficiency, retention of protein
and energy, and digestibility of nutrient and energy.
64.12
95.72
94.7
39.81
95.14
76.62 71.40
98.32 97.84
97.74 90.82
53.99 47.14
98.17 96.94
Growth rate of fish relates highly to fish weight.
The gain of fish weight depends on protein intake. In
conditions of adequate energy intake, the use of pro-
tein in the metabolic process is affected by available
non-protein energy, particularly fat. Slow growth of fry
fed on 33% dietary protein may be caused by less
available protein instead of high dietary fat. Duppre ef
a/. (1979) reported that the groMh rate of channel cat-
fish decreased when fish were fed a dietary fat level of
15% to 20%. However, less dietary fat in high dietary
protein (47Yo) may result in utilization of feed protein
as an energy source for its metabolism; therefore,
f ess growth is also observed for fish fed on 47vo di-
etary protein. The ratio of protein-energy in feed for
maximum growth rate of jelawat fry in this experiment
is 100 mg protein/kcal GE.
The optimal dietary protein of 40o/o for jelawat fry
found in thisstudy is similarto the level recommended
forfingerlings (29) of jelawat by Pathmasothy & Omar
(1 981a); channel catfish (Garling and Witson, 1976);
common carp (Ogino and Saito, 1970); grass carp
(Dabrowski, 1 977 ) ; m ujai r (Ja u ncy, 1 982) . Th e vat u es
for growth rate and feed efficiency of those species
are also comparable (growth rate=3% and feed effi-
ciency 40%). However, this finding is still lowerthan
that for otherfish culture practices. GroMh rate and
feed efficiency higherthan 5%lday and 60%, respec-
tively, are suitable and profitable in culture practice.
Frequent fish handling in experimental conditions and
Table 5. some parameters of water quality in tanks of flsh fed different dietary
protein levels
Indices Dietary protein (%)
474033
Temperature fC)
Ammonia-N (mg/L)
pH
Alkalinity (mg CaCO3/L)
26.0
0.018{.023
8.04-8.06
183.2-184.0
26.0 26.0
0.023-0.030 0.042{.051
8.01-8.03 7.91-8.03
182.4-188.4 185.2-187.2
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lack of natural feed may affect growth performance of
fish.
Table 3 shows that body protein of fish before and
afterfeeding tended to be unchanged, however, body
fat tended to increase. Thus, isocaloric feed using fat
as the main energy source may increase body fat.
According to Pfeffer (19S2), relatively stable body pro-
tein may indicate that capacity of protein synthesis
in the fish body has achieved maximum rate, essen-
tial amino acids used for synthesising non-essential
amino acids. or less available metabolism energy for
synthesrsing body protein. This is also found in com-
mon carp (Ogino and Saito, 1970) and grass carp
(Dabrowski, 1977) fed protein of 38% to 60"2o.
Based on the protein retention, the dietary protein
level for maximum protein relention was about 38.42%.
High protein diet increases fat body because excess
protein intake will be changed into energy and kept in
the fish body as fat. Therefore, fat retention in this
study increased linearly wtth increasing protein tntake.
According to Ogino and Saito (1970), the value of maxi-
mum protein retention is more realistic to determtn-
ing the protein requirement of fish.
Feed quality could be shown by its digestibility. In
general, jelawat fry was able to digest the ration indi-
cated by high value of dry matter digestibility. This
experiment shows that dietary protein is totally di-
gested by jelawat fry and not affected by its levels.
Austreng & Refstie (1979) stated that differences of
protein digestion were observed when dietary protein
level is below 30%. Tilapia fed on 10% to 30% dietary
protein was able to digest protern at a linear rate. The
rate declined, thereafter, when protein level increased
(De Silva and Perera, 1984).
Fat used as the main source of feed energy was
well digested by jelawat fry at a rate of 91% to 98%.
The highest value of fat digestion in jelawat fry was
observed with fish fed on 40% dietary protein. Declin-
ing fat digestion al47o/o dietary protein may relate to
proteolytic enzyme action. NRC (1977) stated that
after feeding a high protein diet, proteolitic enzyme
activities of fish would be triggered to increase, thus
decreasing fat digestion. The ability of jeiawat fry to
digest protein and fat well accords to the food habit of
the fish in nature which is to feed preferably on zoop-
lankton containing high protein as well as fat.
Data on carbohydrate digestion show that increase
in dietary protein up to 40% could increase carbohy-
drate digestion, which then declined when dietary pro-
tein increased up to 47%. Maximum dietary protein,
well digested by jelawat fry, was also observed at about
4A%.
In conclusion, jelawat fry after 40 days age raised
in controlled conditions could be fed with artificial feed
formulated using natural feed ingredients t0 contain a
protein level of 36% to 40%. The ratio of protein en-
ergy in feed is about 100m9 protein/kcal.
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